Introduction
Imported fruit is a typical example for the imported commodities which have already captured considerable market portions in China since they joined the World Trade Organization more than ten years ago. From January to November 2011, the quantity of imported fruits and nuts had already reached more than 452,000 tons in Shanghai as announced by official statistics (http://www.haiguan.info/ OnLineSearch/TradeStat/StatComSub.aspx). Shanghai is one of the largest fruit consuming markets in China 7) .
Previous survey showed that there were various kinds of fungal pathogens caused market diseases of the import fruits in Shanghai, which brought a huge loss for the business, and carambolas (Avrrhoa carambola ( ( L.) appeared to be an obvious example. Carambola is one of the most popular imported fruit, however, it was shown that fungal species belonging to 4 genera (Fusarium ( ( sp., Cladosporium sp., Alternaria sp. and Penicillium sp.) could be responsible for serious market diseases of carambolas imported from Taiwan district 6) . The present work aims to extend previous study by functionally analyzing the disease of carambolas imported from places including Taiwan district, USA and Thailand in Shanghai market. Among the predominant outbreak diseases of carambolas, carambola anthracnose mainly caused by Colletotrichum gloeosporioides was frequently reported 1, 3) . This work focused on the symptoms of brown rot, a disease-prone decay between peduncle and pedicel, attached white molds, and identified the fungal pathogen by using morphological and molecular technology.
These results should contribute to enhance the awareness to improve the inspection and quarantine process for pathogens in imported fruits, and provide basic information for establishing a more effective protection system during the market circulation.
Materials and Methods

Pathogen isolation and pathogenicity test
From 2010 to 2011, carambolas imported from Thailand, USA and Taiwan region of China were collected in wholesale markets, supermarkets, and retail stores in Shanghai
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Summary
Imported carambolas in Shanghai market frequently suffer from brown rot disease, causing severe loss of commercial values. To clarify the causal pathogens, market disease surveys were conducted and the possible fungal pathogens were isolated from infected carambolas imported from Taiwan district, USA and Thailand. A new disease symptom has been found on USA carambolas, that is dark brown decay spot between peduncle and pedicel, with white molds attached and brown areas formed on the edge of the fruits. The isolated pathogen was named EXYL-1 and further identified via morphological and molecular characteristics. The aerial mycelium of EXYL-1 appeared white, produced some reddish to purple pigment and adhered to microconidium. Optimal temperature for the hyphal growth was 20-25°C. Together with the nucleotide sequences of ribosomal DNA internal transcribed spacer regions and specific gene sequences, this pathogen EXYL-1 has been identified as to survey their disease incidence. Symptom depiction and pathogen isolation were carried out according to the method described previously 15, 16) . For the pathogenicity assay, the same variety healthy fruits were used as hosts, and the isolated fungal strains were purified and sub-cultured on PDA medium. From the edge of each fungal colony, 5 mm diameter of mycelium plugs were excised and inoculated at the needle-wounded sites or the similar unwounded area of the fruits. After 5-7 days of incubation at 25°C, pathogenicity was recorded as average decay diameters.
Mycological characterization assay of the pathogens
The colony morphological characters of the pathogenic Colony diameters were recorded after 5 days of incubation.
Pathogen ribosomal DNA-ITS sequence identification and its phylogenetic analysis
Fungal DNA was extracted using the method described 
Identification of the pathogen with species-specific sequences
A species-specific primer set (CLPRO1, 5'-TGCATCAGA CCACTCAAATCCT-3'; CLPRO2, 5'-GCGAGACCGCCACT AGAT-3') 10) was used to amplify the conserved calmodulin gene sequence to identify the typical species for F.
proliferatum. Species-specific primers of F. oxysporam and F.
graminearum were also used as controls 8, 11) .
Results
Market research and disease symptoms
The symptoms of diseased carambolas included light brown pitting spots on fruit surface calling anthracnose ( Fig. 1E and F) , dark brown decay spots between peduncle and pedicel, attaching white molds and symptoms of forming brown areas on the edge of the fruits (Fig. 1A , B and C). According to the morphological characters, the isolated fungi were identified as Colletortrichum spp., Fusarium spp.,
Pestalotiopsis spp. and Alternaria spp. In addition, the isolates with maximum detectable rate were Colletortrichum spp. and Fusarium spp. Based on wound inoculation and non-wound inoculation assay for pathogenicity, it was indicated that both Colletortrichum spp. and Fusarium spp.
were dominant pathogens for carambolas (Table 1) , and the resulted symptoms were in conformity with the original symptoms of the diseased carambolas from the markets ( Fig.   1D and G). Then we found the pathogen Fusarium named EXYL-1, isolated from USA carambolas was the major pathogen of the market fruits which caused the dark brown decay spots described above.
Morphological characterization of the pathogen
Mycelial expansion assay of strain EXYL-1 indicated that its colony diameter could reach 50-55 mm after 5 days of incubation on PDA at 25°C, with an average radial growth rate of 10.4 mm per day (Fig. 1H) . The aerial mycelium appeared white, while some reddish to purple pigment accumulated gradually in the PDA during this incubation period. Conidiophores formed from hyphae of the aerial mycelium, producing long-chains of microconidia ( Fig. 1I and J). Single spore was ellipsoidal, measuring (6.47 ± 0.91 μm) × (2.47 ± 0.34 μm) (Fig. 1K , n = 30), macroconidia contained no septate, and were gregarious on conidiophore, measuring (14.16 ± 1.59 μm) × (3.04 ± 0.29 μm) (pictures not shown). However, no chlamydospores were observed in Lin, Zhang, Zhu, Xu, Nonomura, Matsuda and Toyoda: Identifi cation and Characterization of Brown Rot on Import Carambola this fungus. Based on the morphological characteristics, the present isolated fungal pathogen EXYL-1 was confirmed as F. proliferatum according to Cheng et al. 2) . The effect of different temperatures on mycelial growth of EXYL-1
showed as a bell curve (Fig. 2 ): low and high temperatures, less than 15°C and more than 30°C respectively, could obviously restricted its growth, while the optimal temperature for growth of this pathogen was approximately between 20 and 25°C. 
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Molecular identification of the pathogen
Molecular analysis revealed that the rDNA-ITS sequence of the EXYL-1 was highly homologous to both F. proliferatum (Sexual stage: Gibberella intermedia) (accession number: HQ231757, HQ113948, AB587007) and
F. verticillioides (Sexual stage: Gibberella moniliformis)
(accession number: JF499680, HQ176444, HQ176445) with 99% max identity. Phylogenetic analysis also demonstrated that EXYL-1 forms a monophyletic group with F. proliferatum and its teleomophy (G. intermedia), ) also with the G. moniliformis of high Bayesian posterior probabilities (Fig. 3) , which inadequately confirmed us to accommodate EXYL-1 as F. proliferatum. Thus species-specific primers of F. proliferatum were used to amplify particular DNA region to further identify EXYL-1. The results showed that amplification of EXYL-1 genomic DNA with the CLOX1/2 primers resulted in species-specific band (about 500 bp), but no cross-reactions were observed with F. proliferatum strains when amplified by the species-specific primers of neither F. oxysporum nor F. graminearum (Fig. 4) . Taken these results together, strain of EXYL-1 could be classified as F. proliferatum.
Discussion
Several fungal pathogens including Fusarium sp., Cladosporium sp., Alternaria sp. and Penicillium sp. have been isolated from Taiwan-originated carambolas in previous research 6) . Ploetz et al. 12) indicated that Alternaria sp., Botryosphaeria rhodina, Ceratocystis paradoxa, C.
gloeosporioides and other pathogens were obtained from American decayed carambolas 12) . Also, carambola anthracnose mainly caused by C. gloeosporioides was also fre- In this work, the isolated brown spots pathogen EXYL-1
showed consistence with the description for mycelium, conidiospore shape, pigment production and other morpho- Meanwhile, F. proliferatum produces multiple secondary metabolites, such as mycotoxin 13) , that might be associated with potential harmfulness to human beings by contaminating food crop, fruits and vegetables. In summary, this fungus adapts to a great many environment conditions, detection ranges and approaches should be enhanced during fruit import and export quarantine, preventing the spread of the disease. Simultaneously, the infection of the other fruits should be avoided by building up proper quarantine system for this pathogen in the future. 
